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TURF 

EVENT DESCRIPTION 

DATE: 

TIME OF ORIGIN: 

YIELD: 

MAGNITUDE: 

LOCATION: 

24 April 1964 

20:10:00.2Z 

4.95 - 0.35 

Site:  Nevada Test Site 

Geographic Coordinates: 

Lat:   37O08'59" N 

Long:  lie^S'^" W 

ENVIRONMENT: 

Geologic Medium: 

Surface Elevation: 

Shot Elevation: 

Shot Depth: 

Alluvium 

4260 Feet 

2587 Feet 

1673 Feet 

COMPUTED EPICENTER:  All Stations 

Geographic Coordinates: 

Lat:   37°04'48" N 

Long:  116014,38" W 

Time of Origin: 

Depth: 

Epicenter Shift: 

20:10:04.8Z 

44.9 km 

18.3 km, N 246° E 
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EK-NV 

IW-NV 

•H-UI 

SO-*? 

Jlt-AZ 

LO-At 

Tr»0 

SS-AZ 

XR-AZ 

HO-AZ 

m-Az 

QB-AZ 

UBSO 

HL2ID 

OR-CO 

M-WY 

BMSO 

LC-MM 

KT-MM 

rR-MA 

TX-HA 

GI-HA 

JU-TX 

MM60 

Kt-m 

OV-TX 

HH-HD 

BBHB 

JE-LA 

RK-OH 

EU-AL 

CPSO 

Bl-WV 

re-«w 

JR-PA 

DH-SY 

LS-NH 

RN-ME 

HM-IS 

IIP-HT 

LZ-BV 

OO-SW 

GO-GR 

gt«tlan 

Eurakt. Nevada 

Hin«, Navafi« 

Kanab.  Utah 

S*lt<?nin, Aittona 

Jaroma, Arizona 

Long Vallay, Arlaona 

Tonto Poraat 
Obaarvatory. Arizona 

Sunflowar,   Arizona 

Kohl'a Ranch,  Arizona 

Ntnalow, Arizona 

Nazlinl, Arizona 

Olcba, Arizona 

Uinta Baain 
Obaarvatory, Utah 

Hatlay.  Idaho 

Ourango, Colorado 

Pinadala,  Wyoming 

Blua Hountain 
Obaarvatory.  Oragon 

Laa crucaa, Naw Haxieo 

Raton, Haw Mexico 

i'orayth,  Mf,ntanf 

Tontakat,  Haahinijton 

Qlanoiva, Montana 

Juno, Taxaa 

Wichita Hountatna 
obaarvatory, Oklahoma 

Ryder, North Dakota 

Grapevine, Taxaa 

Hannah, Sorth Dakota 

East Braintraa, Manitoba, 
Canada 

Jena,  Louiaiana 

Red Lake, Ontario, Canada 

Eutaw, Alabama 

Cumberland Plateau 
Objervatory, Tannaaaae 

Beckley. Weat Virginia 

Franklin. Waat Virginia 

Berlin,  Pennaylvania 

Delhi, New York 

Llabon, Hew Hampshire 

Roulton, Maine 

Kamuela.  Hawaii 

Mould Bay, Northweat 
lerritoriea, Canada 

La Paz, Bolivia 

Oalo. Norway 

Grafenberg.   Germany 

»tt 

Final 

LPZ LPR LPT Tape Timing 

+ + 

SETTING UP 

? ? 

+ 7 

I Inoperative 
M Mo Inatruaantr 
P Primary Timing 
♦ Signal 

No Signal 
Questionable Signal 
Magnetic Tap* Available 

Station Status Report - TURF 

Table 1 
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Introduction 

A long range seismic tasasurements (LRSM) program was 

established under VELA-UNIFORM to record and analyze short- 

period and long-pericd data from a planned series of U. S. 

underground i.aclear tests. These, and other data, will be 

used by VELA-UNIFORM participants for studying and develop- 

ing methods for distinguishing between explosive and 

eai .hquake sources. 

The purpose of this report is to provide an analysis 

of data resulting from the TURF event from the LRSM film 

seismograms from operating mobile field teams; Wichita 

Mountain Observatory, Oklahoma (WMSO), Uinta Basin Observa- 

tory, Utah (UBSO), Blue Mountain Observatory, Oregon (BMSO), 

Cumberland Plateau Observatory, Tennessee (CPSO), and Tonto 

Forest Observatory, Arizona (TFSO); and from several experi- 

mental or temporary stations operated in connection with 

other research programs. 

Instrumentation and Procedure 

Instrumentation at Gach of the mobile stations con- 

sists of three-corr.ponent short-period Benioff and three- 

component Sprengnether long-period seismographs. Data are 

recorded on 35 millimecer film and on one-inch 14-channel 
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magnetic tape. All of these stations are equipped to record 

WWV continuously in order to provide accurate time control. 

Calibration is accomplished once each day and just prior to 

each slot at operatir.g settings.  Specific details of the 

instrumentation and operating procedurer? for these stations 

are given in Field Manual, Long Range Seismic Measuiement 

Program, Technical Report No. 63-17, which can be obtained 

from the Geotech Division of Teledyne Industries, Inc., 

Dallas, Texas. All the observatories have both long-period 

and short-period, three-component instrumentation in ad- 

dition to their other specialized facilities. 

Station site information is presented in Appendix 

1(A). This includes the station name and code; the geo- 

graphic coordinates, distances and azimuths involved; the 

station elevations; and the type of instruments in use at 

each location. 

A status report for TURF is included in Table 1, 

placed opposite the operations map. Figure 1. This report 

gives the names of 43 stations and indicates v^iich instru- 

ments were operational and which recorded usable signals. 

An explanation of the procedure for amplitude measure- 

ments used in this report is illustrated in Appendix II. 

- 3 - 
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♦Gutenberg, B. and Richter, C. F., Magnitude and Energy of 
Earthquakes, Ann. Geofis., 9 (19^6), pp. 1-15.. 

The unified magnitude (m) computations for distancea less 

o 
than 16 are based on AFTAC/VSC extensions of Gutenberg's 

If 

o     o ' 
Tables*. For this purpose, points from 10 to 16 were read 

from a curve in the Gutenberg-Richter paper and an inverse 

cube relationship was used to extrapolate from two to ten 

degrees. A table of the distance factors (B) is provided in 

Appendix 1(B). 

Appendix III quotes the Technical Working Group II 

(TWG II) first motion criteria, and includes diagrams illus- 

trating the elements involveu in determining a compression 
_- 

or rarefaction where satisfactory measurements can be made. 
I 

A standaru hypocenter location program for a digital 

computer has be«m used to determine the location using data 

from all stations analyzed. Best-fit values of latitude, 
;: 

I 
longitude, depth of focus, and time of origin are determined 

i 

statistically by a least squares technique. This utilizes 

a Jeffreys-Bullen travel-time curve as modified by Herrin in 

1961 on the basis jf Pacific surface-focus recordings.  Pre- 

cision of thf computation is limited primarily by the accuracy 
i 

of arrival times, the validity of the standard travel-time 

- 4 - 
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curve, and by local velocity deviations.  Since the method 

is based on P wave arrivals, this particular program does 

not make use of later phases such as pP and S in the de- 

termination c* depth or location. Results are shown on the 

Event Description page. 

Data and Results 

Table 2 summarizes the measurements made 0/ the princi- 

pal phases from the TURF e^ent.  Included are -he Pn and P 

arrival times, the maximum ampll-tudss (A/T) of Pn or P and 

Pg motion as seen on the short-period vertical instruments, 

and the maximum amplitudes (A/T) of the Lg phase as measured 

on the short-period horizontal tangential component. Long- 

period Love and Rayleigh wave motion are also tabulated in 

(A/T) form. Thirty-six stations recorded short-period 

signals. Long-period signals from this event were recorded 

by thirty-two stations. 

In addition. Table 2 and Figure 2 show the unified 

magnitudes (m) where measurable. The average magnitude for 

TURF is 4.95.  Six stations show lompressional first motion 

as defined by the First Motion Criteria (TWG II). 

The travel-time residuals from tne Pn and P phase are 

within the usual limits (see Figure 3). The amplitudes of 

- 5 - 
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Pn and P, Pg and Lg are shown in Figures 4, 5 and 6.  Lines 

proportional to the inverse cube of the distance visually 

fitted through the observed points are shown on these graphs 

Love and Rayleigh wave amplitudes are shown in Figures 7 

and 8. 

Attached to the report are illustrative seismograms 

showing the signals recorded at a number of locations. The 

most distant station analyzed that recorded TURF was GG-GR 

at a distance of 9094 kilometers. 
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Principal pha»i 
•KM 
24 April   19!-« 
IOIIOIOO.IZ 

3 

< 

ä 

^ = 

HUfnt- Obaarvad pariod Naxiilun nc ii Maqni- 

Cod« sett ton Dtatane* Znat. tteatien Phaaa 
Traval Tlma T 

(a*c) 
AAplituda 

A/T 
Pirat 

Motion 
ttida 1 
(■) ("■in! (aac) ru» « 10 

EK-KV luraka,  Nevada 231 SPZ 2.30 fn 35.» 0.5 70» r 5,101 
srz 2.10 a 39,0 0.6 1300 
SPZ 2.10 N 40.» 0.6 4010 
>PZ 2.10 a 50.1 0.7 3430 
irr 2.60 L? 0.8 11,450 
LPZ I».»* L» 10.0 1»0 

m-m Mina.   Ntvada 21) >PZ 2.10 Pn 16.2 0.65 11»0 C 5.52 
•Pt 2.30 a 3».4 0.» 2517 
■PZ 2.30 N 40.6 0.» 4S»4 
8PT 2.10 «* 0.7 63''0 
LPT 24.1 LO 6.5 141; 
LPZ 2.«» LP 12.0 »62 

IW-UT Kanab,  Utah »7 •Pt S.14 Pn 43.2 0.6 3»0 c 5.OB 
•PZ S.14 a 45.4 0.5 441 
SPZ 5.14 a 46.5 0.4 236 
SPZ J.14 »9 147.») 0.6 434» 
•PT 1.20 L« 0.5 5256 
LP« 34.» LO 10.0 424 
LPZ l.il U 13.0 36» 

JK-M Jarom, Artiona 44t SPZ 112« Pn 01 (03.6) 0.6 61.0 4,»0 
•PZ ».M P« 01 1».5 0.6 HBO 

•PT 7.5« L, 0.6 »1» 
tPT 12.1 LQ 20.0 5».0 
LPZ 10.5 L» 14.0 144 

LO-;J Long Vallay. Ariiona 50» •PZ 15.1 Pn 01 11.4 0.8 53.7 5,00 
•PS 15.1 a 01 18.2 0.9 »7.» 
•PZ 15.1 a 01 1».» 0,8 15» 
•PZ 15.1 P» 01 12!.■) 0.6 53» 
«PT 11.7 L9 1.0 131» 
LPT 14.4 LQ 10.0 32» 
LPZ 12.1 LK 14.5 11» 

TTSO 
Tonto roroat 
Obaorvatory.  Arltona 

SJ7 SPZ-71 
SPI-l 

160 
40.) 

Pn 
a 

01 
01 

15.1 
2S.6 

0.4 
0.6 

12.3 
30.< 

4.44 

•PZ-1 40.1 H 01 30.5 0.7 1*3 
•m 5.25 14 1.5 »73 
LPZ '.OO L» 14.0 158 

»-A« Sunflowar, Arlaona 5)« »PZ 22.1 P 01 14.» 0.7 14.6 c 4.»» 
•PZ 12.) a 01 U.l 0.6 76.5 
SPZ 22.1 N 01 30.4 0.7 524 
•PT 21.2 L« 0.8 65T 
LPT ».75 LO 12.0 7».1 
LPZ ».75 LI 13.0 138 

MO AZ Minalow, Artaona S») •PZ 21.» Pn 01 16.8 0.45 17.7 4.64 
•PZ 21.» a 01 18.2 0.6 11.3 
SPZ 21.» a 01 30.0 0.8 131 
SPZ 21.» N 01 31.6 (O.b) (1024) 
SPZ 21.» a 01 40.6 (1.0) (1032) 
SIT 21.» L« 0.6 (»33) 
LPZ 7.0 LP 10.0 364 

■L-AZ Millnl. Ariiona S»7 »PZ l.«5« Pn 01 22.0 (0.7) (48.6 15.17)1 
SPZ ».»O« P» 01 41.5 0.6 417 
SPT 4.66a L» 0.8 1520 
LPZ 5.«» LP 13.0 180 

OI-AZ Glob«.   Arltona 61» SPZ 4 Pn 01 (26.0) (0.7) (».61) (4.53) 
•Pp. 40.»« P? 01 44.0 1.0 300 
SPT 32.1« t* 1.0 218 
LPZ 11.» LP 12.0 183 

viao uinca Bam. 
Obaorvatory. Utah 

MS SPZ-10 
SPZ-10 
LPZ 

()5.1«) 
(35.3«) 
1».0 

Pn 
P» 
LP 

01 
01 

31.) 
50.» 

0.8 
0.7 

12.0 

(155) 
(316) 
241 

c 5.6» 

HLJID Hallay.   Idaho 726 SPZ 35.» Pn 01 3». 2 0.6 7.20 4.47 
SPZ 35.» a 01 40.5 0.55 38.7 
SPZ 35.8 a 01 43.0 0.5 65.7 
SPZ 35.» P» 02 (05.») 0.6 322 
SPT 34.0 n 0.» 111 
LPZ 17.5 LP 12.0 86.4 

DB-CO Durango. Colorado 711 SPZ 3».7 Pn 01 34.5 0.4 18.5 4.»» 
SPZ 34.7 a 01 41.6 0.6 25.» 
SPZ 3».7 P9 02 (01.8) 0.6 250 
SPT 52.2 L» 0.8 2»» 
LPZ 31.1 U 13.0 »5.0 

H-« P'nodala. »yoaiing •10 SPZ »0.8 Pn 01 50.5 0.8 )0.6 5,35 
SPZ 60.» a 01 SI.» 1.0 17» 
SPZ 60.» M 02 14.7 0.8 235 
SPT 64.8 L-I 1.0 (633) 
LPZ ».»0 LP 1J.0 »1.5 

mao »lu« Mountain 
Obnarvatory.  Oraqon 

»62 SPZ-1 
»PZ-1 
LPZ 

600 
10ia 

18.0 

Pn 

LP 

01 
02 

56.» 
23.4 

0.7 
0.» 

16.0 

14.0 
152 

67.0 

c 5.10 

LC-m Laa Crucaa, Ha» Maxieo 1012 SPZ »».2 Pn 02 17.» 1.0 6.00 4,»» 
SPZ »».2 a 01 32.» 0.» ».30 
fPX »».2 *l 02 14».)) l.l 11) 
srr 105 1* 11.1) (»7.7) 
LPZ 53.5 LI 16.0 •6.3 

Principal Phases - TURF 
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^Tlnclpltl MtfcM« 
TCW 
J4 Apkll  194* 
10IIOI09.1I 

Cod* at»tier Dtatane* 
(ka) 

If St. 

MafFi- 
(ieatlen 

(k) 
Phas« 

Obssrvsd 
Travel Ilaa 

Pariod 
T 

(ssc) 

Maxinm 
taplituda 

A/I 

TWO II 
First 
Hot.on 

Hagni- 
tud* 
(n) ru« x 10 (■in) (aae) l"l 

RT-rm Mtan, «•« H«xtco 1041 ■M 147 rn 01 (19.4) 0.9 2.20 4.98 
an 167 s 02 25.6 (O.B) 7.20 
in 16' r« 02 54.J 1,1 135 
«w 141 L» 1.2 200 
Ln 17.1 LB 16.0 43.5 

FK-HIk ronyth. Nsfltlnt 117« an 117 r 01 (46.0) 0.8 31.0 5.64 
an 117 s 02 55.4 1.0 60.9 
an 136 n 1.0 81.4 
LtZ 10.7 LB 13.0 66.9 

TH-« Tonulwt, «MlMnfte« 13» an 361 r 02 94.9 0.« 11.1 5.16 
an 391 s 03 08.9 1.2 11.3 
an 361 a 03 24.8 1.0 22.8 
an 361 L« 1.4 80.5 
Ln 34.6 LB 13.0 33.6 

01-HA Olmdtv*. HcAtu« 1411 an 116 r 03 11.4 1.0 22.2 5.19 
an 119 a 03 21.8 1.1 38.3 
an 115 * 03 30.3 0.8 48.7 
an 10« Lg (1.0) (64.0) 
Ln «.04 LB 13.0 34.2 

ju-n Juno,   T««> 15*1 an 171 r 03 (27.7) 1.1 50.4 9.31 
an 376 s 03 33.8 1.1 50.« 
an 364 L» 1.2 84.5 

Wichita Mountains MISO 
Obaamtery. Oklaheaa lit? an-4 154« 

164« 
r 
s 

03 
03 

18.7 
35.5 

1.4 
1.1 

30.8 
11.5 

4.98 

19«* s 04 41.8 1.2 41.9 
an 304« Lg 2.0 (182.7) 
LI« 13.0 L0 14.0 14.4 
Ln 19.0 LB 20.0 25.6 

«-■> »yaor. north Dakota 1100 an 1>.B r 03 (44.1) 0.8 109 5.10 
an 19.8 s 03 54.7 1.0 97.3 
an 1«.4 (I«) (1.4) 1139) 
Ln u a LB 13.0 30.4 

av-TX Orapavin, Tt*u ITtt an 
an 
Ln 

31.6 
43.1 
10.7 

r 03 53.8 (1.2) 
1.1 

13.0 

(70.9) 
203 
ol.6 

4.75 

■aimah, north Dakota 1*11 an 31.4 r 04 04.9 1.2 156 5.11 
an 31.6 e 04 19.7 (0.4) (108) 
aw 31.4 L« (1.4) (147) 
Ln 13.5 LB 14.0 31.1 

n-MT laat Iraintraa, 
Manitoba, «"anada 114« att 114 r 04 14.5 0.8 11.1 4.06 

an 114 a 04 11.5 1.0 18.7 
an 114 * 04 35.1 0.6 19.1 
art 114 a 05 r».c 0.9 15.7 
an 114 s 07 54.1 1.0 13.4 
an 100 (W> 2.0 45.6 

Jl-Lk Jona. Louisiana nai arc 
an 
Ln 

50.1 
50.8 
9.99 

(r) 
Lg 
LB 

04 4!.6 (0.4) 
(1.6) 
13.9 

(80.0) 
(171) 

85.4 

(4.95) 

Wt-OB Rod Laka. Ontk -la, 
Canada IDS an 100 r 04 45.1 1.1 171 5.33 an 100 a 04 4«.0 u.» (5«.;) 

an 100 a 04 51.0 0.« 77.8 
an 1,9 Lg 1.4 :6.7 

BI-AL Kutaw. Alabaaa 

Cimborland rlataau 

1408 Ln 8.30 LB 15.0 37.9 

CPdO 
Obaorvatory, Tannooao* 17J0 an-a 310 r 05 11.8 0.9 17.1 4.65 

an-a 310 a 05 13.2 (C.8) (19.9) 
an-a 310 « 05 27.2 0.8 (12.5) 
an-a 310 * 06 58.6 (1.4) (17.7) 
an 340 Lg 1.1 23.0 
Ln 15.0 LB 13.0 58.7 

BL-W Boeklay. «oat Virfinta )0S7 art 
an 
Ln 

56.1 
53.8 
10.7 

r 
Lg 
LB 

05 48.7 (0.6) 
1.6 

,20.0) 

(6.40) 
43.1 

(24.1) 

(4.36) 

u-n Berlin.   Ponnaylvania 3196 an 
Ln 

137 
11.1 

P 
LB 

04 03.2 1.1 
12.0 

22.5 
131 

4.95 

DH-KY Dolhi. »n York )S41 art 
in 

51.8 
18.0 

P 
LB 

04 27.3 (0.9) 
15.0 

(7.96) 
52.9 

(4.60) 

LS-HH Lisbon.  Ks» Maapshira 3747 Ln 
Ln 

17.4 
17.7 

LO 
LB 

18.0 
13.0 

10.9 
77.5 

BK-ME Houlton.  Mains 

Mould Bay. Nortt «at 

4043 sn 
Ln 

147 
14.3 LB 

07 07.4 1.0 
16.0 

29.0 
11.6 

5.01 

HP-ICT 
Torritorlss. Csnsds 4341 an 

an 
128 07 29.8 1.0 30.7 4.89 
228 07 44.8 0.7 10.8 

an 118 08 59.1 1.5 15.0 

«-•V La Fas. Bnlivia 7714 SPZ-6 178 11 (11.4) (1.1) (6.00) (4.73) 

00-011 Grsfsnbsrg,  Osrs^ny «094 art-3 73.1 12 (22.4) (0.8) (11.5) (4.98) 

AA Wi/MC 
C Cowpmaiofl«! 

(  ) Doubtful V«lu«a or VIMMA 

* HMsuraMnta Md« tnm PUyouta 
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Cod* Ration Dlatane. 
!k-) 

«J» Taphlc 
Liiltuda 

oaographle 
longitude 

Blev. 
(k») 

Computed Azimuth Inatailed Azimuth Large 
or 

Small 
SP 

LP 
Inat. «pi. 

Sta. 
Sta. 
Epi. 

Radial Tang. 

v   r/ Eurck«,  Ncvadit ?ll ?»<,12,32" N U5042'37"  W 1.951 7° 188° U0 101° L X 

MK-tr.» Un«,  N«v*d* 23] 3eO26'10"  N ne'Ws]" w 1.524 .08° 127° 308° 38° I X 

KH-OT K£n«b, Vtlh 287 37o01,22" H ll2t,49'39" H 1.737 9,° 2-4" 95° IBi" L X 

M-AZ «•liqiMfl, AxUon« 301 35038,27' N 113015,39" N 1.680 123° 305" 131° 221° L X 

J«-A« a*tom, Airiiona 448 34049'32" H 1110«9>25" W i.no 124° 306° 131° 221° L X 

t/l-AS Long V*U«y. Aricon* 509 34024,2B" N 111032'45" w 1.770 125° 308° »1° 221° S X 

TI'&O 
Tonto r»*it 
ObMrvatory, Axlwnt 

S37 34017'12" H 1U016'03» R 1.609 X250 308° 90° 
-> 

JM X 

«M-AI Sunflomr, Artcon* 518 33<>51,49" M 111041,34" N 0.6d0 131° 314° 131° 221° L X 

KB-AS Kohl'» «winh, Artsent 542 3-«O29,00" N lllo02,03" H 2.270 122° 305° m" 221° L LPZ 

WO-AI winalew, Arlaena 551 34052,53" » 110o37,15" w 1.590 116° 299° 131° 221° L X 

RL-AS Haalinl, Arltena 597 35°54'OS" K 109<>34,10n  K 1.770 101° 285° 131° 221° L X 

Qt-kZ Oloba, Arttona 624 33046,32" 1) ll0O31'4X' w 1.475 Hi" 308° 131° 221° L X 

uaso Ulnta Baaln 
Obaarva^ory. Utah 645 40o19'18" R 109O34'07" N 1.475 56° 240° 90° 0° JM X 

BCIID «allay,  Idaho 724 «3O33,40" S 114O25'08" N 1.830 11° 192° 13° 103° L X 

DR-CO Durango. rolr.s^e 733 3702/'53" N 107O47'00"  H 2.225 e5J 270° 90° 180° S X 

M-W Plnadal«.  nymlng 810 42027,10» N 109O32i5" W 2.170 «1° 226° 46° 136° S X 

BHSC. Blua Hountaii 
Obaar^atory, ongon 842 4I050,56" H U7O18'20" W 1.189 353° 173° 0° 90° JK X 

LC-MM Laa :ruc*a. Maw Maxieo 1012 32O24,0e' N 10*O35'M" W 1.585 1.9° 304° 124° 214° L X 

RT-HH Br.ton, ■%« r-ticleo 1042 36043,46" H 10402i'37" W 1.951 89° 276° 96° 186° S X 

r^-nA torayth, Montana 1274 46o06'00" N 106O26,25" H 0.823 36° 222° 43° 133° s X 

W-WA Tonaakat, Naahlngton 1325 48047138" N 1903ä'l«" W 0.549 349° 166° 347° 77° L X 

OI-HA Slandlva, Montana 1481 470ll,34,■ R I04O13,10" W C.732 37° 225° 46° 136° S X 

3Ü-TX June, Taxaa 1591 30o06'43" H l01O0A'.<.    W 0.500 115° 303° 123° 213° L 

mao 
Wichita Hountalna 
Obaarvatory, Oklahowi 

1597 340«3,05" K 98035'21H W 0.505 95° 285° 90° 0° JM X 

tct-mt llydar. North Dakota 1700 4Se0S'SO* R 101o29'40" II 0.640 230° 50° 140° S X 

ov-ix Grapavlna, Taxaa 1799 32o53,09" N 96059,54" « 0.152 100° 291° 111° 201° L LPZ 

nR-RC Hannah, North Dakota 1921 48056"53" R 98041,33" W 0.488 41° 233° 54° 144° S X 

BB-HT 
Baat Bralntra*. Manitoba, 
Canada 2148 49O37•40,• N 95o37,20" W 0.312 43° 237° 58° 148° S X 

JS-LA Jan«.  Loulalana 22S1 3iO47■05,' N 92O00'55" R 0.050 98° 292C 112° 202° L X 

HK-C!« tad Laka. Ontario, 
Canada 

2338 !50O50'20" R 93O40"20"  R 0.366 42° 238° 58° 148° S X 

ED-AL Butaw, Alabama 2608 32o47,10" R 87oS2,00" R 0.053 92° 289° 109° 199° S X 

CHO Cunbarland Plateau 
Obaarvatory, Tannaaaa« 

2730 35035'41- R 8503413" K 0.574 84° 283° 90° 0° JM X 

BL-MV Backlay, ««••• Virginia 3057 37047,56" R 810l8■36'• R 0.610 78° 279° 100° 190O S X 

W-MV rranklln, Naat VlrqiDla 3199 38032S8" N 79O30'47"  H 0.910 76° 279° 99° 189° S 

—..-m Berlin.  Pennaylvanla 3234 39055'27" H 78O50,41"  R 0.6«2 73° 277° 97° 187° L X 

oa-tn Delhi, Now York 3542 420i4'39" M 74°53'18"  R 0.652 68° 275° 95° 185° S X 

LS-n Liabon, Rav Haapahlre 3767 44014,18" H 71055'21" W 0.274 64° 273° 94° 184° S X 

HM-ME Houlton, Maine 4063 46O09'43'' R 67O39,09" M 0.210 60° 273° 93° 181° s X 

HM-IS Kamuala, Hanau 4378 19058,49" N 155o42'20- W 0.705 255° 55° 235° 325° L X 

BP-MT Mould Bay, Morthwaat 
Terrl'. an««, Canada 

4362 74O150e" M li90J2  1p-  H 0.059 359° 176° 356° 86° JM 
S X 

Lr.-BV La Pa«, Bolivia 7726 160IS'31"  S 6802e'47" H 4.333 131° 321° 141° 231° JM 
L 

X 

OO-WI Oalo, Norway 8121 61O03,17" N 10O51'S8"  t 0.555 24° 318° 138° 228° L X 

-<J-OR drafanbarg, OenHny «094 49041,33- R li.0i.2ii"  E 0.525 31° 32C'- 140° 230° L X 
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Unified Magnitude: m = log10 (A/T), + B 

v?here A = zero to peak ground motion in millimicrons 
= (mm) (1000) 

K 
T = signal period in seconds 
B = distance factor (see Table below) 

mm = record amplitude in millimeters zero to 
peak 

K = magnification in thousands at signal 
frequency 

Table of Distance Factors (B) for Zoro Depth 

Dist 
(deq) B 

0° _ 

1 - 

2 2.2 
3 2.7 
4 3.1 

5 3.4 
6 3.6 
7 3.8 
8 4.0 
9 4.2 

10 4.3 
11 4.2 
12 4.1 
13 4.0 
14 3.6 

15 3.3 
16 2.9 
17 2.9 
18 2.9 
19 3.0 

20 3.0 
21 3.1 
22 3.2 
23 3.3 
24 3.3 

25 3.5 
26 3.4 

Dist 
(deq) B 

27° 3.5 
28 3.6 
29 3.6 

30 3.6 
31 3.7 
32 3.7 
33 3.7 
34 3.7 

J5 3.7 
36 3.6 
37 3.5 
38 3.5 
39 3.4 

40 3.4 
41 3.5 
42 3.5 
43 3.5 
44 3.5 

45 3.7 
46 3.8 
47 3.9 
48 3.9 
49 3.8 

50 3.7 
51 3.7 
52 3.7 
53 3.7 

Dist 
(deg) 

54 

B 

3.8 

55 3.8 
56 3.8 
57 3.8 
58 3.8 
59 3.8 

60 3.8 
61 3.9 
62 4.0 
63 3.9 
64 4.0 

65 4.0 
66 4.0 
67 4.0 
68 4.0 
69 4.0 

70 3.9 
71 3.9 
72 3.9 
73 3.9 
74 3.8 

75 3.8 
76 3.9 
77 3.9 
78 3.9 
79 3.8 

Dist 
(deq) B 

80° 3.7 
81 3.8 
82 3.9 
83 4.0 
84 4.0 

85 4.0 
86 3.9 
87 4.0 
88 4.1 
89 4.0 

90 4.0 
91 4.1 
92 4.1 
93 4.2 
94 4.1 

95 4.2 
96 4.3 
97 4.4 
98 4.5 
99 4.5 

100 4.4 
101 4.3 J 
102 4.4 ä 

103 4.5 
104 4.6 

105 4.7 

Unified Magnitudes From P or P Waves 

Appendix 1(B) 
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P_       d = Maximum 
"   c   i 

a b c 

i 

' \ 

Bottom of line 

Maximum 

Maximum 

Bottom of 1-ne 

Detail Showing Allowance 
For Line Width 

Pick time of Pn at beginning of "a" half cycle. 

Pick amplitude of Pn as maximum "d/-" within 2 or 3 cycles of "c" 

Pick amplitudes of Pg and Lg at maximum of corresponding motion. 

Seismic Analysis Diagram 
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FIRST MOTION CRITERIA 
TECHNICAL WORKING GROUP II (TWG II) 

Excerpt from Appendices to Hearings before the Special Subcoinmittee 
on Radiation and the Subcoinmittee on Research and Development of the 
Joint Committee on Atomic Energy; 86th Cong., 2d Sess.; April 19-22, 
1960; on Technical Aspects of Detection and Inspection Controls of a 
Nuclear Weapons Test Ban; Part 2 of 2 Parts, pp 632-633: 

"2.  Identification of Earthquakes 

A located ssismic event shall be ineligible for inspection if, anc 
only if, it fulfills one or more of the following criteria: 

a. Its depth of focus is established as below 60 kilometers; 

b. Its epicentral location is established to be in the deep open 
ocean and the event is unaccompanied by a hydroacoust.Lc signal consistent 
with the seismic epicenter and origin time; 

' #c.  T.t  is established within 48 hours to be a foreshock by the 
occurrence of a larger event ■,: at least magnitude 6 whose epicenter 
coincides with that of the given event within the accuracy of the 
determination of the two epicenters.  The eligibility of the second 
event for inspection must be determined separately. 

d.  The directions of clearly recorded first motions define a 
pattern which strongly indicates a faulting source. First motions 
recorded at distances between 1100 kilometers and 2500 kilometers will 
not be used.  First motions beyond 3500 kilometers will not be used for 
events of magnitude smaller than 5,5.  The apparent direction of first 
motion must also meet both the following minimmn conditions to be 
considered to be clearly recorded: 

(1)  The amplitude of the half-cycle of apparent first motion 
is at least two (2) times as large as any half-cycle of apparent noise 
in the preceding few minutes, and 

(1)  The largest of the amplitudes of the half-cycle of 
apparent first motion and the two rrimediately following half-cycles: 

(a) at epicentral distances less than 700 kilometers is 
twenty (20) times larger than any half-cycle of noise in the preceding 
few minutes; 

(b) at epicentral distances more than 700 kilometers is 
forty (40) times larger than any half-cycle of noise in the preceding 
few minutes. 

A pattern of clearly recorded first motions strongly indicates a 
faulting source if the observed motions, extended backward to a small 
sphere about the focus, can be separated into alternate quadrants by 
two orthogonal great circles drawn on the small sphere, with the 
requirement that two opposite quadrants combined (i) contain at least 
4 clearly recorded rarefactive first motions and (ii) contain not 
more than 15% compressions among the clearly recorded first motions." 

Appendix III 
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utm = 

Application of the TWG II Criteria 

Examples: 

1. Compression 
700 < A < 1100 Km 

2. Compression 
A < 700 Km 

3. Rarefaction 
A < 700 Km, Example shows 
what may be interpreted to 
be earlier signal; however, 
motion is less than 2 times 
the noise level and may be 
interpreted as noise. 

Appendix III 
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Application of the TWG II Criteria 

4. Rarefaction 
A<70G Km 
Similar to Example 3 

5. Not applicable able   b .       k      k 
A<700 Km 

Amplitude of first 
3 half-cycles is less 
than 20 times noise. 

Appendix III 
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